c-fos mRNA expression in rat cortical neurons during glutamate-mediated excitotoxicity.
We have previously reported that exposure of mouse cerebellar granule cells (mCGCs) to excitotoxic concentrations of glutamate (Glu) induced a delayed, elevated, and sustained expression of c-fos mRNA, which was N-methyl-D-aspartic acid (NMDA) receptor mediated. In this study, the overstimulation of Glu receptors in primary rat cortical neurons by excitotoxins was used to study the cellular events triggering excitotoxic neuronal cell death, as the rat is the preferred species in regulatory and nonregulatory toxicological investigations. Exposure of rat cortical neurons to excitotoxins at high, toxic concentrations showed a change in the c-fos mRNA expression profile from a transient expression to one of sustained elevated levels. The excitotoxins induced much higher levels of c-fos mRNA in rat cortical neurons than in the mouse CGC system. Glu-induced c-fos mRNA expression, under excitotoxic conditions, was inhibited by D-2-amino-5-phosphonopentanoate (AP5) but not 6-cyano-7-nitro-quinoxaline-2,3-dione (CNQX), indicating an event mediated by the NMDA subtype of Glu receptors. Using 12 compounds, which covered a range of nontoxic, toxic, and excitotoxic effects on rat cortical neurons, excitotoxicity was paralleled by a sustained, elevated c-fos mRNA expression. Furthermore, on account of the high expression levels of c-fos mRNA under excitotoxic conditions, it is suggested that an unambiguous elevation in c-fos mRNA expression at a single time point of 60 min can be used to predict the excitotoxic properties of a range of functionally different chemical compounds. In view of the high levels of expression of c-fos mRNA, the rat cortical cell system may also be used as a more sensitive model than mCGCs for investigations into early markers of excitotoxicity.